Abstract-This paper reports properties of a homogeneously aligned liquid crystal microlens of which the focal length is controlled by applied voltage and the response properties both without and with a bias voltage, which are very important for applying the microlens to the optical head. It also describes the design of fresnellens with liquid crystal microlens to expand its diameter and further describes the possibility of applying the liquid crystal microlens to the optical heads.
INTRODUCTION
Optical heads of optical disc memory drivers show a limitation of its miniaturization and high speed accessions because of its mechanical control of an object lens for focus adjustment.
We have been studying the application of a liquid crystal microlens [ 1] to an optical head [2] [3] .
This paper reports properties of a liquid crystal microlens of which the focal length is controlled by applied voltage and the response properties, which are very important for applying the microlens to the optical head. It also describes the design of fresnel lens with liquid crystal microlens to expand its diameter and further describes the possibility of applying the liquid crystal microlens to the optical heads.
PREPARATION OF MICROLENS AND EXPERIMENTS OF FOCAL LENGTH CONTROL
The liquid crystal microlens prepared is a homogeneously aligned liquid crystal cell with hoIepatterned electrodes on both surfaces, using a P-type nematic liquid crystal called KIS(BDH) [I] .
The diameter of the hole pattern is 700 ~m and the thickness of the cell is 50 ~m.
When the applied voltage is rather small, more than 2 focusing peaks arise and the microlens becomes a multi-focus lens with short focal lengths. As the applied voltage is increased, the microlens begins to show the focusing property and is a convex lens from around 5 V of an applied voltage.
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Increasing the applied voltage to 15 V "'-' 25 V, the refractive indices distribution shows only one focusing peak and showed a good convex lens property where the focal length can be controlled by the applied voltage. As the voltage increases further, the gradient of the refractive indices gradually decreases and the focal length becomes longer.
A He-Ne laser (632.8nm) was used as a light source and the polarization direction was set the same direction as the molecular orientation of the homogeneously aligned cell.
The transmitted light intensity was measured by a CCD linear array sensor (TC-200C:Toshiba). 
IMPROVEMENT OF THE RESPONSE PROPERTIES BY APPLYING A BIAS VOLTAGE
Increasing an applied voltage linearly from zero to a target voltage 18.5V with an increasing ratio of 18.5/10 (Volt/second), the liquid crystal molecules still continue to align along the electric field even after the voltage has reached the target value. 
DESIGN OF FRESNEL LENS WITH LIQUID CRYSTAL MICROLENS
The liquid crystal microlens has a microscopic caliber of 700~m and its range of variable focal length is about 6 ......... 8 mm. The angle of elevation to the image point therefore becomes a quite acute angle of only a few 415 degrees. To overcome this problem, we designed a fresnel lens with a 2000~m diameter so as to enlarge the angle of elevation of the liquid crystal microlens.
For the part of diameter of 700~m it takes characteristics of conventional liquid crystal microlens, for the part of diameter larger than 700~m we designed the fresnel lens with 50~m width using the method of aspherical surface lens. Fig.8-a shows beam loci through the fresnellens with a focal length of 6.5 mm. We also designed a lens with a focal length of 9.0 mm. The accuracy of focal length was calculated within ± 1 % and the elevation angle becomes three times larger than the one of the conventional liquid crystal microlens. Fig.8-b shows equivalent refractive indices distribution of liquid crystal cell.
From this examination, it is clear that putting many ring electrodes in concentric circle form to make the equivalent refractive indices distribution calculated above, the liquid crystal lens with a large diameter can be obtained.
ENLARGEMENT OF THE RANGE OF THE VARIABLE IMAGE POSITION
The variable range of the image position without changing the spot pattern is only 2 . . . . . . . . . 3 mm. However in actual optical disc driver it is required to change the image position by about 10 mm. We investigated how to use liquid crystal microlens with object lens to get a . wider range of the variation of image position.
If we put the laser diode at the focal point of object lens and put the microlens between them, we can get a wider range of the image position [2] . Fig.9 shows an optical construction and an experimental set-up. Here,fis a variable focal length of the microlens,jV is a focal length of the object lens, d is a distance between the microlens and the object lens, a is a distance between the micro lens and the laser diode and b is a variable image position from the object lens. For ll=O.S, a=Smm and jV=20mm, the curve becomes an asymptote of f=8.333mm. In this experimental condition, the variable range of the focal length of the 416 microlens without changing the spot pattern is only about 2 mm, however a control off of about 30 mm will be possible if 11 is taken as 1 .
-so A homogeneously aligned liquid crystal microlens with hole-patterned electrodes on both surfaces of a substrate was prepared and investigated. The response property of the liquid crystal microlens was improved and the creation of the disclination lines was suppressed by applying a bias voltage. We enlarged the angle of elevation using a fresnellem;. Next subject of this study will be to make an actual. recording system and to discuss the signal quality and the variance of the wavefront.
